Recently, the near surface mounted (NSM) FRP strengthening technique has been actively applied to deteriorated concrete structures for rehabilitation purposes. However, the use of this conventional NSM technique could be restricted due to the insufficient height or strength of the concrete cover. In this study, the stirrup-Cutting Near Surface Mounted(CNSM) technique was considered as an alternative, whereby NSM strips are placed at a deeper level, namely at the level of the main steel reinforcement. A flexural test of a concrete beam strengthened with CNSM technique was performed and the results were then compared to those for a concrete beam strengthened by the conventional NSM technique. The embedment length of the CFRP strips was varied in order to increase the effect of the anchoring depth of the NSM and CNSM CFRP strips in the beam specimens. From the results of the test, the beam with the CNSM CFRP strip showed typical structural behavior similar to that of the beam with the NSM CFRP strip. Moreover, there was no apparent structural degradation resulting from the stirrup partial-cutting. Consequently, the CNSM strengthening technique can be suitably utilized for extensively damaged concrete structures where it is difficult to apply the conventional NSM technique.
INTRODUCTION
The key issue with the externally bonded fiber reinforced plastics strengthening technique has been premature bonding failure. It is well known that concrete structures such as a beams, slabs, and columns that are strengthened with EBR prematurely fail in a brittle manner, before reaching its design strength, due to delamination of the bonded with the concrete, while the load carrying capacity of the structure greatly improved. In addition, it has been reported that the NSM technique has less sensitivity to surface preparation and has a more consistent quality compared to the EB technique. (Derias and El-Hacha, 2007) In an ordinary steel reinforced concrete structure, the concrete cover plays an important role in durability and serviceability and provides the initial barrier to aggressive environmental attack. In the flexural strengthening technique with NSM, the concrete cover is an important component that anchors the NSM FRP strips and transfers the load directly to the CFRP strengthening material through the bond between the concrete and the CFRP/epoxy. Therefore, the concrete cover should be kept in a sound condition during the service of the structure. However, because the concrete cover can easily deteriorate due to unexpected loads, such as impact, fire, etc., it is difficult to maintain a sound concrete cover zone. A more feasible method should therefore be considered to enhance the integrity of the rehabilitation system with NSM. In this study, an alternative method is attempted, whereby CFRP strips are inserted at a deeper location. However, this alternative method requires partial cutting of the existing stirrups with an enclosed shape, which interrupts the installation of CFRP strips. Therefore, before this method can be employed in an actual deficient reinforced concrete beam, an experimental investigation of the effect of the partial cutting of stirrups is necessary in terms of the flexural behavior and load carrying capacity of beams with NSM.
In this study, the stirrup-Cutting Near Surface Table 1 shows the test specimen. Fourteen beam specimens were cast for this experimental program, including two non-strengthened beams, which were used as control specimens. Stirrups with a closed shape were distributed at 100mm spacing along the beam axis over the entire length. The shear strength of the test beam can be computed by equation (1) in accordance with ACI 318-08(ACI, 2008). In equation (1) , the shear strength of the control beams provided by the concrete and stirrups was found to be 80kN and 119kN, respectively.
Test Variables
Half of the strengthened beams were strengthened using the NSM technique with one or two CFRP Table 1 .
where,   ′,   are the compressive strengths of concrete at 28 days and the yield strength of steel reinforcement, respectively; and b, d are the beam width and the distance from extreme compression fiber to the centroid of the longitudinal tension reinforcement, respectively; and,   and s are the area and spacing, respectively, of shear reinforcement.
Test setup and measurements
Four point flexural tests were carried out using the test configuration shown in Fig. 2 . However, the loading points at mid-span were spaced at only 160mm. From this test configuration, it is expected that the effect of the partial cutting of stirrups on the behavior of the beam can be understood because the whole span of the beam will be acting under shear force.
In addition, more convenient loading work was accomplished with the configuration. The beams were instrumented with a linear variable differential transducer (LVDT) at midspan and at 675mm from each support in order to measure the deflection. At midspan, a strain gauge was glued to the top fiber of the concrete in the compression zone using an epoxy resin after carefully sandblasting the concrete.
In the midsection of all beams, the steel and CFRP strip in the tension zone were instrumented with strain gauges that were positioned before casting.
The transducer and strain gauge positions are shown in Fig. 2 .
TEST RESULTS

Mode of failure
The failure modes of all tested beams are summarized in Table 3 . For beam NSM2-32, the crack appeared in the vicinity of the cutoff section of the CFRP strip as shown in As shown in Figure 6 , the embedded CFRP strips were split longitudinally and were buckled locally due to a large deformation. Based on these results, it can be assumed that in both techniques the embedded CFRP strips could have been partly damaged or buckled before the failure of the beam.
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All parameters in equations (2) and (3) 
Moment capacity
The strengthening efficiency was evaluated in terms of the normalized moment capacity in order to account of the effect of the different depth to the CFRP strips on the flexural capacity. The moment ( m ax exp )
was divided by   in order that it could be presented using stress units. Table 3 provides a summary of the normalized moment capacity for all tested beams.
The increment in the last column of Table 3 is defined as the ratio of the normalized moment of the strengthened beam to that of the control beam.
The increase in the normalized moment capacity was greater when the CNSM technique was applied.
Moreover, the normalized moment capacity of beam CNSM2-32 increased by more 16% compared to NSM2-32 due to the change in the failure mode.
From these comparisons, it can be seen that the CNSM technique can be effectively used for concrete structures that require appropriate rehabilitation yet have a limited or severely deteriorated concrete cover.
In order to seek an appropriate design scheme for the CNSM technique, the prediction model of the moment capacity specified in ACI 440.2R-02 was The calculated results were compared with the experimental strain of the CFRP strip, as shown in Table 4 
